INTRODUCTION

1
Road pavement condition relates directly to the generation of nuisances such as traffic noise and 2 air pollution, which cause an unpleasant environment and health issues for neighborhoods 3 adjacent to roads. Pavement management agencies spend a significant amount of public money 4 every year to maintain roads and reduce the impacts of nuisances caused by pavement 5 deterioration (1) . Yet, U.S. roads continue to be in a state of disrepair, and there is substantial 6 competition for these public dollars. If better roads are clearly associated with higher property 7 values, this would provide evidence that the funds are materially contributing to community 8 economic wellbeing. In this work, we investigate whether and how much road pavement 9 condition influences the value of adjacent residential properties in cities and unincorporated 10 areas of Solano County, California.
11
Many studies aim to estimate the impacts of environmental or nonmarket goods on 12 human welfare. Multiple economic valuation methods have been developed to estimate these 13 impacts, including contingent valuation models, travel cost models, and hedonic price models 14 (2). In this study, we used the hedonic approach to estimate the influence of adjacent road 15 pavement condition on residential property value. Hedonic price models use regression analysis 16 to decompose the price of a good -such as a residential property -into the value of each of its 17 characteristics. These characteristics include aspects such as home size and age, as well as 18 characteristics of the surrounding area such as the pavement condition on the adjacent road. We 19 measure pavement quality using the Pavement Condition Index (PCI). The PCI represents the 20 structural and material integrity of a pavement in a numerical value (3). The PCI is expressed on 21 a scale between 0 and 100, where a value of 100 represents the best possible condition (4).
22
There are two ways that pavement condition might impact property values: directly as an 23 indicator of neighborhood blight, and indirectly through its effect on traffic conditions and noise, 24 which in turn impacts property values. We expect that both effects are in the same direction; as 25 pavement condition declines, we expect property values to decline as well. Solano County
26
Transportation Authority was interested in whether or not proposed increased investments in 27 road condition improvements would result in increased residential property values. We find, 28 however, that in Solano County there was not a consistent detectable relationship between 29 residential property values and pavement condition. 30 The paper proceeds as follows. First, we reflect on existing work in this area as it informs 31 this study. Then, we describe the study area, data processing, and provide a detailed discussion 32 of the PCI data itself. We then formulate our general regression model and present specific 33 results for the selected models that can represent relationships between residential property 34 values and PCI. We finish with a discussion and conclusions. 
LITERATURE REVIEW
37
In this section, we review existing work that relates to this study. To the best of our knowledge, Traffic noise closely relates to the pavement condition because one of the two main components 33 of traffic noise is the friction between vehicle tires and the paved road surface (the other is 34 vehicle powertrain operation) (17) . This friction increases when pavements deteriorate, and there 35 is substantial evidence that traffic noise increases with declining pavement condition (18, 19, 20) .
36
The PCI provides information about pavement aging by including measures of distress, 37 levels of severity, and distress density. That said, it is important to note that pavement-related 38 traffic noise is also influenced by factors such as pavement materials (i.e. asphalt concrete,
39
Portland cement concrete, or rubberized asphalt concrete), pavement texture types (i.e. 
Impact of Traffic Emissions and Traffic Noise on Health
44
One mechanism for connecting pavement condition to community impacts and conditions is 45 through health impacts. These impacts could be from traffic noise or vehicle emissions. Traffic noise is connected with negative health outcomes, including increased incidence of hypertension 1 and specific heart ailments (21). This problem increases with age and is inversely related to 
10
Degraded pavement condition may lead to reduced speeds, and/or increased incidence of 11 deceleration and acceleration, both of which could increase vehicle emissions (26) . Vehicle 12 emissions are a primary source of air pollutants in urban and suburban areas (27), and these 13 emissions can contribute to a wide range of health impacts, from cardiovascular problems to 14 adverse birth outcomes and diminished male fertility (28). Indoor, residential air quality is 15 related to distance from roads (29), which means that health impacts from degraded air quality 16 will be greatest near roads with heavy or congested traffic.
18
Relationship between Traffic Volumes and Residential Property Value
19
The hedonic modeling literature includes many studies of the relationship between traffic 
Relationship between Road Noise and Residential Property Value
35
The hedonic modeling literature also includes many studies of the traffic noise impact on 36 property values (e.g. 5, 33, 34) . In fact, traffic noise near the highway network was the main focus To conduct this analysis, it was necessary to obtain sales price, assessor-based single These observations were removed, leaving, 19,608 observations available for modeling.
21
In addition to these characteristics, tract-level population density and median household attributed the street PCI value to the property that was closest to the centroid of the property.
30
Indicator variables for year and city were created using attributes from the property sales data 31 and city boundary polygon feature class, respectively.
32
It is possible that highway traffic noise was differentially attenuated at fine scales by 33 purpose-built noise walls/barriers, or adjacent buildings. Because we lacked spatial data about 34 these attenuating factors, we considered highway traffic noise to be a function of distance, which were presumed to be exposed to local traffic noise, which would be related to PCI.
37
It is important to note that we used the home price index (HPI) for the San Francisco and analysis, which can control for spatial autocorrelation in the error term.
31
The functional form for our models is expressed in equation (1), which indicates our 32 three types of independent variables and the spatial error specification. Many of our included 33 independent variables are also log-transformed. 
RESULTS
6
Our overarching result is that we do not find a consistent relationship between pavement provide details of our econometric model results, first for a model estimated using data from the 9 entire county, and then for models based on subsets of that data. The specific data subsets we 10 present here are the subset of properties for which the adjacent road had a surveyed (vs.
11 estimated) PCI value, and subsets for each incorporated city in the county.
12
In addition to the model results detailed in this paper, we investigated a wide range of 
All Properties
25
Initial regression analysis was performed using StataSE 12 for Windows to determine the best 26 model, and GeoDaSpace was used for the final regressions, correcting for spatial dependence.
27
Lagrange Multiplier tests for spatial dependence in the dependent variable and in the error term 28 confirmed spatial dependence only in the error term. In addition, a Koenker-Bassett test 29 confirmed spatial heterogeneity in the data. Thus, we applied a spatial error model with 30 heterogeneity option. Table 3 shows the coefficients, standard errors, z statistics, and 31 significance for this model. The resulting model fit is fairly strong with a Pseudo R² of 0.79.
32
The structural explanatory variables are all statistically significant and their coefficient property value, while population density is negatively associated with property value. The signs 39 of both estimated coefficients are as expected.
40
The locational variables are also statistically significant, and most coefficients have the The estimated coefficient of PCI, the variable of the greatest interest, is both statistically 1 insignificant and extremely small. This estimate -if it were statistically significant -would 2 suggest that a 10 point increase in PCI would result in a $300 increase in value for the median-3 valued home in our dataset. This means that using the full dataset from Solano County, we 4 cannot detect a relationship between residential property values and the pavement condition 5 adjacent to the home. This initial null result led us to explore alternative ways to look at the data. 
Properties with Surveyed PCI
10
Because the estimated PCI may include errors due to the road deterioration prediction model 11 over or underestimating the true pavement condition, we estimated our model using the subset of 12 home sales that occurred in a year when PCI was surveyed on the road adjacent to the home.
13
This subsample includes both home sales that occurred in the year when the PCI was most confirmed the presence of heterogeneity in this subsample. Thus, we again estimated a spatial error model with the heterogeneity option using GeoDaSpace. 
